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            Abstract
Most rare diseases still lack approved treatments despite major advances in research providing the tools to understand their molecular basis, as well as legislation providing regulatory and economic incentives to catalyse the development of specific therapies. Addressing this translational gap is a multifaceted challenge, for which a key aspect is the selection of the optimal therapeutic modality for translating advances in rare disease knowledge into potential medicines, known as orphan drugs. With this in mind, we discuss here the technological basis and rare disease applicability of the main therapeutic modalities, including small molecules, monoclonal antibodies, protein replacement therapies, oligonucleotides and gene and cell therapies, as well as drug repurposing. For each modality, we consider its strengths and limitations as a platform for rare disease therapy development and describe clinical progress so far in developing drugs based on it. We also discuss selected overarching topics in the development of therapies for rare diseases, such as approval statistics, engagement of patients in the process, regulatory pathways and digital tools.
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                    Fig. 1: Indication of the gap between science and translation into therapies for rare diseases.[image: ]


Fig. 2: Therapeutic modalities: characteristics and regulatory approval data.[image: ]


Fig. 3: Key figures for rare diseases and orphan drugs.[image: ]
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Glossary
	Lipinskiâ€™s rule of five
	
                  These guidelines identify several physicochemical properties to be considered for small molecules that are intended for oral delivery: molecular mass 500 Da or less; five or fewer hydrogen-bond donors; fewer than 10 hydrogen-bond acceptors; and calculated octanolâ€“water partition coefficient (a surrogate for the ability of a molecule to cross biological membranes) of 5 or less.

                
	
                           CFTR
                        
	
                  Gene encoding the cystic fibrosis transmembrane conductance regulator protein, an ion channel in the membrane of cells that produce mucus, sweat, saliva, tears and digestive enzymes. Mutations in CFTR that affect the production, processing or function of the protein underlie cystic fibrosis.

                
	â€˜Umbrella trialâ€™
	
                  A clinical trial design in which a single drug is evaluated in more than one disease simultaneously.

                
	Nanobody
	
                  A type of single-domain antibody fragment.

                
	Good manufacturing practice
	
                  A system for ensuring that products are consistently produced and controlled according to defined quality standards.

                
	Pegylation
	
                  Attaching polyethylene glycol chains to therapeutics, particularly proteins, can improve characteristics such as immunogenicity and pharmacokinetics. ForÂ example, pegylation has been used to extend the half-life of factor VIII replacement therapies for haemophilia.

                
	Intrathecal injection
	
                  Delivery of a substance directly to the spinal fluid (intrathecal space) through a drug delivery system comprising a pump and a catheter.

                
	Haematopoietic stem cells
	
                  (HSCs). Cells that can replenish all blood cell types. HSCs derived from bone marrow have been used for many years to treat cancer; patients receive a myeloablative conditioning regimen to remove diseased cells before transplantation, with the transplanted HSCs then reconstituting the haematopoietic system. A similar strategy can also be used to treat inherited blood disorders.

                
	Adeno-associated virus (AAV) vectors
	
                  AAV vectors are based on wild-type AAV, which has a single-stranded circular genome of roughly 4.7 kilobases. The AAV genome contains two open reading frames bounded by inverted terminal repeats into which a transgene of up to approximately five kilobases can be inserted.

                
	Capsid
	
                  A protein shell that originally encloses the viral genome.

                
	Fast track pathway
	
                  This can expedite the review of products to treat serious conditions. The process allows sponsors to have more frequent meetings and communications with the FDA to address appropriate data collection and design of clinical trials. It also allows a sponsor to be eligible for priority review and a rolling review of the application.

                
	Accelerated approval
	
                  This allows a product for a serious condition to be approved on the basis of a surrogate end point or an intermediate clinical end point. Confirmatory postmarketing trials will be needed to verify this benefit.

                
	Priority review
	
                  This is a designation that allows the FDA to act on a marketing authorization application in 6 months (compared with 10Â months for standard reviews). To be eligible for priority review, the intended medicine should offer significant advancements in safety and efficacy of treatment, diagnosis or prevention of a serious condition.

                
	Breakthrough therapy deignation
	
                  This FDA designation can expedite development of drugs for which preliminary clinical evidence indicates that they may offer substantial advantages over existing treatment options for patients with serious or life-threatening diseases. Designated drugs are eligible for the expedited processing that fast track designation offers, as well as intensive guidance on efficient development from the FDA.

                
	Regenerative medicine advanced therapy designation
	
                  This FDA designation is similar to the breakthrough threapy designation and is available for cell therapies, therapeutic tissue engineering products, human cell and tissue products and combination products if the product is intended to treat serious or life-threatening diseases.

                
	Conditional marketing authorization
	
                  This European Medicines Agency pathway is similar to the accelerated approval process in the United States. Applicants may be granted a conditional marketing authorization for medicines for which the benefit of immediate availability outweighs the risk of less comprehensive clinical data than normally required.

                
	Approval under exceptional circumstances
	
                  In exceptional cases, a reduced data set is acceptable by the European Medicines Agency for candidate drugs for a rare indication with a high medical need if it is difficult to obtain sufficient data to fulfil the requirements of a full dossier for marketing authorization in a reasonable time frame. Annual review of clinical data obtained after such approval is required, with the potential to maintain or withdraw the authorization.

                
	Accelerated assessment
	
                  The evaluation of a marketing authorization application under the centralized procedure in the European Union can take up to 210 days. On request, the time frame can be reduced to 150 days if the applicant provides sufficient justification that the medicinal product is expected to be of major public health interest, particularly in cases of therapeutic innovation.

                
	Priority Medicines (PRIME) scheme
	
                  A scheme in the European Union that provides early and enhanced scientific and regulatory support for medicines that may offer a major therapeutic advantage over existing treatments, or benefit patients without treatment options.
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